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(54) POLISHING COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polishing composition which has the sufficiently larger 
polishing rate of a tantalum compound than that of copper and substantially almost not polish 
Si02, in the CMP processing process of a semiconductor device having the barrier layer of the 
tantalum compound and the insulating layer of the Si02. 

SOLUTION: This polishing composition is obtained by adding colloidal silica having an average 
primary particle diameter of 30 nm and (methyl methacrylate/divinylbenzene) copolymer (methyl 
methacrylate/divlnylbenzene: 95/5 mol. %} having an average particle diameter of 30 nm as a 
polishing material, oxalic acid, hydrogen peroxide, and benzotriazole to ion-exchanged water 
filtered through a 0.5um cartridge filter and then uniformly dispersing the mixture with a high 
speed homogenizes 
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* NOTICES * 

JPO and 1NPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

(A) They are an abradant, (B) organic acid, the (C) oxidizer, the CD) antioxidant, and a 
composition for polishing containing (E) water, (A) Fumed silica which has organic particles to 
which an abradant uses a copolymer (methyl methacrylate/divinylbenzene) of 1 nm - 100 nm 
mean particle diameter as the main ingredients, and mean particle diameter in a range which is 5 
nm - 100 nm, It is a mixture with an inorganic particle which consists of at least one kind in 
colloidal silica, fumed alumina, and colloidal alumina, A weight-mix ratio of organic particles and 
an inorganic particle is in the range of 60 / 40 - 5/95, Concentration in a composition for 
polishing is 2 to 10 % of the weight, and the main ingredients of (B) organic acid are oxalic acid, 
Concentration in a composition for polishing is 0.01 to 1 .0 % of the weight, and the (C) oxidizer is 
hydrogen peroxide, A composition for polishing, wherein concentration in a composition for 
polishing is 0.03 to 1.0 % of the weight, the (D) antioxidant is benzotriazol or its derivative and 
concentration in a composition for polishing is 0.01 to 1.0 % of the weight. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the composition for polishing used especially suitably for the surface 
flattening work of the device wafer of a semiconductor about the composition for polishing used 
for polish of a semiconductor, the various substrates for memory hard disks, etc. 
[0002] 

[Description of the Prior Art] 

By the latest remarkable development of the electronics industry, a transistor. Have evolved 
with IC, LSI, and very large scale integration, the degree of location of the circuit in these 
semiconductor devices follows on increasing rapidly, and minuteness making follows the design 
rule of a semiconductor device every year, The depth of focus in a device fabrication process 
becomes shallow, and the surface smoothness of a pattern formation face is becoming 
increasingly severe. 
[0003] 

On the other hand, sinoe increase of the wiring resistance by the minuteness making of wiring is 
covered, copper interconnect with small electrical resistance has been examined from aluminum 
or tungsten as a wiring material. However, when using copper for a wiring layer or the 
interconnection between wiring, after forming a wiring gutter and a hole on an insulator layer, a 
copper film is formed by sputtering or plating and unnecessary copper on an insulator layer is 
removed by a chemicahand-mechanical-grinding method (CMP) in an unnecessary portion. 
[0004] 

Since copper is spread in an insulator layer in this process and a device property is reduced, 
usually providing the layer of tantalum or tantalum nitride as a barrier layer on an insulator layer 
for copper nonproliferation gains popularity. 
[0005] 

Thus, in the flattening CMP process of a device of having made the copper film forming in the 
top layer, The copper film of the first unnecessary portion had to be ground to the surface layer 
of the tantalum compound formed on the insulating layer, and polish must be completed at the 
following step in the place which ground the layer of the tantalum compound on an insulator 
layer and out of which the Si0 2 side came. Although such a process was shown in drawing 1, in 
the CMP polish in this process, it is required for a grinding rate to have alternative nature to 
dissimilar materials, such as copper, a tantalum compound, and Si0 2 . 
[00063 

That is, at Step 1, the grinding rate to copper is high and the selectivity which is a grade which 
does not almost have polishing capability to a tantalum compound is required. Since past [ of 
Si0 2 / shaving ] can furthermore be prevented at Step 2 so that copper and the grinding rate to 
Si0 2 are small, although the grinding rate to a tantalum compound is large, it is desirable. 
[0007] 

Although to be able to grind this process with one abradant ideally is desired, since the selection 



http://www4jpdlJnpit.gojp/cgi-bin/tran^web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 2008/03/31 



JP.2004-107368.A [DETAILED DESCRIPTION] 



J./ I 'X— v 



ratio of a grinding rate to a dissimilar material cannot be changed in the middle of a process, 
each CMP process is carried out by two slurries which have selectivity which divides a process 
into two steps and is different. Usually, in order for the copper film of a slot or a hole to delete 
too much and to prevent (dishing, a recess, and erosion), in Step 1 , a little copper film on a 
tantalum compound terminates polish in the state where it left. Subsequently, at Step 2, polish 
removal of few copper and tantalum compounds which remained considering the Si0 2 layer as a 
stopper is carried out. 
[0008] 

As opposed to the composition for polishing used for Step 2, A grinding rate required in order to 
mainly grind a tantalum compound selectively from the state where it was ground at Step 1 is 
500 to 1000 (A/min.) grade, About the grinding rate of copper and SiO z , it is supposed that 0- 
100 (A/min.), 0-10 (A/min.) are desirable respectively. 
[0009] 

Although the composition for polishing which contained colloidal silica, hydrogen peroxide, 
benzotriazol, oxalic acid, and water, and was adjusted to pH 2-5 by KOH etc. as such a 
composition for polishing for 2nd step polish is shown in the patent documents 1, as opposed to 
a tantalum compound — a copper grinding rate — it became large, and although it entered, the 
ratio is about three and was not able to say that selectivity was enough. 
[0010] 

Although the constituent in which hydrogen peroxide, acetic acid, KOH, a maleate, etc. were 
blended with the abrasive grain as a 2nd step composition for polishing which used organic 
particles and an inorganic particle together is shown in the patent documents 2, they are a 
tantalum compound and copper. 

A polishing selection ratio is about 1.1 and polish of copper in 1st step is stopped by under 
polishing, When grinding copper and a tantalum compound together at 2nd step, it was a 
desirable selection ratio, but only the tantalum compound was ground selectively, and copper and 
Si0 2 were unsuitable for the use it is made not to grind as much as possible. 
[0011] 

[Patent documents 1] 
JP.2001-247853.A 
[Patent documents 2] 
JP,2001-196336,A 
[0012] 

[Problem(s) to be Solved by the Invention] 

In the CMP machining process of the semiconductor device with which this invention has a 
barrier layer of a copper film and a tantalum compound, and an insulating layer of Si0 2 , The 
grinding rate of a tantalum compound is large enough compared with copper, and providing 
substantially the composition for polishing which is not, ********** et al., has polish of Si0 2 . 
[0013] 

[Means for Solving the Problem] 

This invention The (A) abradant, (B) organic acid, the (C) oxidizer, the (D) antioxidant, And are 
(E) water a composition for polishing to contain, and the (A) abradant, Fumed silica which has 
organic particles which use a copolymer (methyl methacrylate/divinylbenzene) of 1 nm - 100 nm 
mean particle diameter as the main ingredients, and mean particle diameter in a range which is 5 
nm - 100 nm, It is a mixture with an inorganic particle which consists of at least one kind in 
colloidal silica, fumed alumina, and colloidal alumina, A weight-mix ratio of organic particles and 
an inorganic particle is in the range of 60 / 40 - 5/95, Concentration in a composition for 
polishing is 2 to 1 0 % of the weight, and the main ingredients of (B) organic acid are oxalic acid, 
Concentration in a composition for polishing is 0.01 to 1.0 % of the weight, and the (C) oxidizer is 
hydrogen peroxide. Concentration in a composition for polishing is 0.03 to 1 .0 % of the weight, the 
(D) antioxidant is benzotriazoi or its derivative, and it is a composition for polishing, wherein 
concentration in a composition for polishing is 0.01 to 1.0 % of the weight. 
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[0014] 

[Embodiment of the Invention] 

It is using the organic abrasive grain which consists of a specific resin particle, an inorganic 
abrasive grain, organic acid, hydrogen peroxide, a benzotriazole compound, and the composition 
for polishing that consists of water, as a result of examining many things, in order that this 
invention's may solve this above-mentioned problem, The grinding rate of a tantalum compound 
is large enough compared with copper, and it finds out that the grinding rate of Si0 2 can 
moreover be made small enough, and comes to complete an invention. 
[0015] 

The abradant used for this invention is the organic particles and inorganic particle mixture which 
consist of specific resin of specific mean particle diameter and a specific compounding ratio. 
The organic particles used for this invention are copolymers whose mean particle diameter is 1 
nm - 100 nm (methyl methacrylate/divinylbenzene). Since the grinding rate of a copper film will 
become large if it exceeds 100 nm undesirably, since the effect that mean particle diameter 
presses down the grinding rate of a Si0 2 fi1m in less than 1 nm cannot be demonstrated, it is not 

desirable. 
[0016] 

The organic particles used for this invention will not be limited especially if a copolymer (methyl 
methacrylate/divinylbenzene) is the main ingredients, but are comparatively cheap preferably and 
are manufactured by the emulsion polymerization which generates the particles to which particle 
diameter was equal. 
[0017] 

As for the mean particle diameter of the inorganic particle used for this invention, it is preferred 
that it is in the range of 5 nm - 100 nm. Since the grinding rate of a Si0 2 film will become large if 
it exceeds 100 nm undesirably, since the polishing speed at the time of grinding a tantalum layer 
in less than 5 nm falls extremely, it is not desirable. 
[0018] 

An inorganic particle is a mixture of the inorganic particle which consists of at least one kind in 
fumed silica, colloidal silica, fumed alumina, and colloidal alumina, 

These things can be combined independently or arbitrarily and can be used. Neither combination 

nor a ratio in particular is limited. 

[0019] 

As for the weight-mix ratio of organic particles and an inorganic particle, it is preferred that it is 
in the range of 60 / 40 - 5/95. Since the polishing speed at the time of grinding a tantalum layer 
will fall if there are more organic particles undesirably than this range, since the effect of 
stopping the grinding rate of a Si0 2 film is small when there are few rates of organic particles 
than this range, it is not desirable. 
[0020] 

As for the concentration in the composition for polishing of an abradant, it is desirable that it is 
2 to 10 % of the weight. Since mechanical polishing capability will increase and the selectivity of 
polish of a tantalum compound, copper, and Si0 2 will fall if concentration is too high undesirably, 
since mechanical polishing capability will decrease and a grinding rate will fail, if the 
concentration of an abradant becomes small too much, it is not desirable. 
[0021] 

The composition for polishing of this invention contains organic acid. As for organic acid, it is 
p re f err ed that it is oxalic acid. As for the concentration in a composition for polishing, it is 
desirable that it is 0.01 to 1.0 % of the weight Since a copper film grinding rate becomes large 
and it becomes impossible to control when it exceeds 1 .0 % of the weight undesirably, since the 
grinding rate of a tantalum compound film becomes it small that it is less than 0.01 % of the 
weight, it is not desirable. 
[0022] 

Although the composition for polishing of this invention contains an oxidizer, as an oxidizer, its 
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hydrogen peroxide is preferred. As for the concentration in a composition for polishing, although 
hydrogen peroxide demonstrates the oxidation to a tantalum compound film and has the work 
which raises the grinding rate of a tantalum compound film by promoting ionization, it is desirable 
that it is 0.03 to 1.0 % of the weight. Since the grinding rate of a tantalum compound film falls 
from the concentration of this range even if it becomes high and becomes low too much, it is not 
desirable. 
[0023] 

The composition for polishing of this invention contains benzotriazol or its derivative as an 
antioxidant, and the concentration in an abrasive compound is 0.01 to 1.0 % of the weight. Since 
the grinding rate of a tantalum compound film will decrease extremely if it exceeds 1 .0 % of the 
weight undesirably, since it becomes deficient in the effect of stopping the grinding rate of a 
copper film as it is less than 0.01 % of the weight, it is not desirable. 
[0024] 

The medium of the composition for polishing of this invention is water, and it is desirable to 

reduce an ionic impurity and a metal ion as much as possible. 

[0025] 

The composition for polishing of this invention makes water mix, dissolve arid distribute each of 
above-mentioned ingredients, an abradant, organic acid, an oxidizer, and an antioxidant, and is 
manufactured. Hydrogen peroxide can also be beforehand mixed, although it adds and mixes into 
the aforementioned mixed liquor just before polish. Arbitrary devices can perform those mixing 
methods. For example, a wing formula rotation agitator, an ultrasonic dispersion machine, a bead 
mill dispersion machine, a kneader, a ball mill, etc. are applicable. 
[0026] 

Various abrasive auxiliaries may be blended in addition to the above-mentioned ingredient. As an 
example of such an abrasive auxiliary, although a distributed auxiliary agent, a rust-proofer, a 
defoaming agent, a pH adjuster, an antifungal agent, etc. are mentioned, these are added for the 
distributed storage stability of a slurry, and the purpose of improvement in polishing speed. 
Sodium hexametaphosphate etc. are mentioned as a distributed auxiliary agent. It cannot be 
overemphasized that various surface-active agents etc. can be added, of course, and 
dispersibility can be raised. As a pH adjuster, acidic compounds, such as basic compounds, such 
as ammonia, acetic acid, chloride, and nitric acid, are mentioned. As a defoaming agent, a liquid 
paraffin, dimethyl silicone oil, a stearic acid mono- ** diglyceride mixture, sorbitan mono- 
PARUMICHIETO, etc. are mentioned. 
[0027] 
[Example] 

An example explains this invention concretely. 
<Example 1> 

The copolymer (methyl methacrylate/divinyibenzene) (methyl methacrylate/divinylbenzene; 
95/5-mol%) of colloidal silica whose mean particle diameter of a primary particle is 30 nm as an 
abradant, and mean-particle-diameter 30nmm, Mixed to the ion exchange water filtered with a 
0.5-mtcrometer cartridge filter so that oxalic acid, hydrogen peroxide, and benzotriazol might 
become the concentration shown in Table 1, and stirred by the high speed homogenizer, it was 
made to distribute uniformly, and the composition for polishing was obtained. 
[0028] 

<Polish evaluation> 

The thing to be ground prepared the thing in which the silicon wafer top Si0 2 film of 8 inches, 
the tantalum compound film, and the solid film of the copper film were formed, measured the 
grinding rate of each film, and asked for the selection ratio. 
[0029] 

Polish used the one side grinder with a diameter of a surface plate of 600 mm. It stuck on the 
surface plate of a grinder with the double-sided tape of exclusive use [ Rodel, Inc.400 / product 
polishing pad ICmade from polyurethane-1 000/Suba/ (U.S.) ], and it ground, pouring a polishing 
solution composition (slurry). Load made 150 ml/min 70 rpm, the wafer number of rotations of 72 
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rpm, and the flow of the polishing material composition for the number of rotations of 3 psi and a 

surface plate. 

[0030] 

<Examples 2-5, the comparative examples 1-7> 

The abrasive compound was adjusted and the combination shown in Table 1 estimated the polish 
characteristic. 

The result was shown in Table 1. 

[0031] 

[Table 1] 
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[0032] 

[Effect of the Invention] 

As mentioned above, according to this invention, in the CMP machining process of the 
semiconductor device containing a copper film and a tantalum layer, the polishing solution 
composition which can be ground is preferentially obtained in a tantalum compound film, and a 
semiconductor device can be manufactured efficiently. 
[Brief Description of the Drawings] 

[Drawing 1]T he mimetic diagram of the polish process of a device in which the copper film was 
made to form 
[Description of Notations] 

1. Cu 

2. Ta 

3. sio 2 



[Translation done.] 
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*«Wtt (A) WS8\ (B) (C) g£fc#J. (D) ttfls^JhM, #J;tf (E) 

7K«"g-*i-5WSfflffi)$t;T-&oT, (A) nm-l 0 0 n m O ( 

i!5nm-l 00nmf)H(^57 1 -i i Kv'5*, =P-f ^^i/Ji, 7s-AFr 

*iOaq-f^*7/l'St0 5^4<ailD[i'&4l5i||S^ifl»A* 40 

r*fe 9 , tSfe^iiliafwlis^itiie o/4o~5/9 sroisiic&f), W^ffl 

ffi j&ife * <£> $ j£ t}* 2 ~ 1 0 M & % T" fo 9 , (B) t«»BiS^ii'>^ST'J,0, il 
Jim tit ft <P wjg&tfs o . 0l~l. 0 Sfi%-e$> 9 , (C ) Kft*f*tilBft*»-C*> ►) , 
^fgffiSfigife^»?S^^o. 03-1. 0 fi g % T" & !? , < D ) $ -ft: l?£ ih # ^ V y b LI 

ry-^4fctt-tro»*#-c*Q,weffiiiafi)t«& + w»«iso. oi~i. osfi%x-fo 
act s*«*»*-r*flFiSfJfli»ffc*iiT?fc5. 

[0014] 

[ « 3 © H ft <75 » « ] 

bj ft a» a> a ± la ro s ,s & * fc * k « * ft ft l fc . # £ «> ® m *t ? A» & 
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5ffl£gffllaj£»£-ffl^<5-£T, f > 9 <DQtg*\s- l- ri* ffl £t T ?E (C # < 

[ 0 0 15] 

* IS ^ fcffl l^fltfttfilfgisiinr.-l OOnmco ( ^ f yM ^ i' y U - h / 
tr :s. iO # S ft T> $> 5 „ ¥lS8giil nm*«T?liS i O 2 I^ijfi h i 

ff S A 5 » * *t » ff * * V* ©/t»# * L < ft < , 1 0 0nm4ri8s5t«Ro?lte>- h 
^ ^ # < ft 3 <Z> T' ft $ L < 4 V 0 
[0016] 

**8Cffli'8Sas?tt, (^^M^^ll L/-h/i?f = /^yf y) * « # fr ± 
J*fl--Cfc*ttf#fcRS Sft#^#, jff* L < (i Jt tfc ft SflT- So fc -f 5 

[0017] 

*« W Jfl H 5 &«-?©¥^&f£li 5 n m - 1 0 0 n mflUBl:* S £ fc Jljf 4 L V. 
5 n m*|fll ? y ? ^mZWffi-f 5 1 »W *■* t «T + 5 03 "C 0 £ L < ft < , 

1 0 0 nm&Mx.5tS i O a IWBflf S/ - h f < ft o T L S ? (D fjft L </i ^ 8 
[0018] 

fit # Hfc 7- « 7 =. — A K J) * , ac^Av.ji^ 7a-AF7*;t, £. u« = o 4 if 

fl 4# PS £ £ ft 5 t £0 T* It ft ^ o 
[0019] 

-%m®.=t t mmn^nmik&ftttti e o / 4 o ~ 5 / 9 b ©(ant *> a ^ t un. 

i»«Hi!l ft t S l0 2 *»W«l^-h«:J(|iA.53Bi**«/h*^ 

#f Tt6»fSFiL< 4V\ 
I 0 0 2 0 ] 

w«tt««ejBM*t"«>««i42~ 1 oti%t*5 r t turn* 8f**r»»a*s 

*3 < ft 5-j-ff 5 taWtoftW^tg^SSigE'J? L« MiftTt5©f{f* L< ft< , 

« a * h -r r 6 t «« es wsse * a* « * L t ^ >- ^ A-fls ^* 4 is , s i o 2 

[ 0 0 2 1 ] 

**M©«F*ffiaj««tt*»»4:^*r-f-S. *«»f4f »>>KT7fe5- t a«#4 LV^. W 

0 . oi~i. oft%tfc5;ij!iai\ 0. oni»/.* 

#S T- £> S t ? >" * ^ ■ft; ft m AS » if & — h 25 /h £ < ft 5 fc ft M JJ- $ U < ft < 1 . 0 S ft % 
* 5 t flJKVF* h < 4 ^ HSr-# ft < ft a © x-» * L < ft 

[ 0 0 2 2 ] 

~i. o fifi%T-fc5 c t l^. r rodsagcojesa. e,^ < ft 0 r < ft 13 ajfr 
k$ >*^itftmm<nmm^ - hfr&Ti-%<7>x~&£is<tz^ a 

[ 0 0 2 3 ] 

*3BM OfiffSMfflLfiE«ltt»ftS6±SiJ i:LT'<y/hS7/-A'tfcttt»Bt{(itft*L 

, wmm.&m* <om%i\± 0 . oi~i. oit%t^. 0. ont%«ffc5is 

R©W£l'-h*SxS»*|C;£L<ja:30)-Cff4L<4< l 1. 0lt'UI^5H 

9 ji-itftmmaimm v asft»t«*-rs ro-cjj 3= l < ft^ 0 

[ 0 0 2 4 ] 



(5) 



JP 2004-107368 A 2004.4.8 



1 0 0 2 5 ] 

®S3fSffl fflfife#3 S±fE 0#j&5K WHfig, Kftai, RfcKiJtffl, & 

»». 3 5. SFSiSlWCnijfaoii^flSKiiBflo, jS # f 

T-#£ 0 SW«#R«> tr-xs^3-*«, at-*, 

[ 0 0 2 6 ] 

£ -t 13 Efe # £1 n f£ S * <D W a Sfj »J £ gil L X t <k ^ „ w W .£ 5 ft W £ B& #1 « 0!l L T ft 

> 7- /V ■> V a - y * 4 a, , * ^ T y > it * J , y^H) FS^ft, y /V f ? y * / ✓< ,v 
* + * - h , * # * tf & ft a . 

[0 0 2 7 ] 

I ft » $ ] 

< Hit W 1 > 

J9f Jgtt t LT — ftH^roJFiSlWSai 3 0 n mT'fc 5 3 n ^ ^A-i/ y * t ?ttttfi 3 0 n m 
- A- ^ -tf >■ : 9 5/ 5rao 1%) , » .> & , SKA;**. ^ ^ y~_MJ TV — A># £ 

i k w $ ft fc * « fc ft 3 ± 5 o . 5 „ m <o t> - h y y *> y .{ ,uTZ xmrnTJift-f 

1 0 0 2 8 ] 

< W £ If- ffi > 

L t> £ ffl » b £ S co ft£ u- - h £ « £ L , S Si Jt Sr * ft fc „ 
[ 0 0 2 9 ] 

ffBHSS«B O Omm«)Jtffi?(Iit)B^fc. W tt n yU^g ( * ■ ) 

O^y Kl C - 1 0 OO/Su b a 4 0 0 % ^ % <D M ffi T ~ 7 T % *) 

ft ft, y *:iiEUfta<e>w*ufc. sih3 P ■ i , & & z> [a & $< 

* 70 r P m > <?^-lHltfilS[72 r P m , WJitf»riS*««ltft4rl 5 0 m 1 / m i n t 
[ 0 0 3 0 ] 

< HJfi 011 2 ~ 5 , it ft 01 1 ~ 7 > 
[0031] 

[a i ] 
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